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7) ABSTRACT

A common line is eliminated, and one terminal of the
capacitor, which has been heretofore connected to the com-
mon line, is connected to the scan line of another display cell
adjacent to the display cell having the capacitor. A scan line
driving circuit supplies to respective scan lines a stepped
pulse formed of a voltage V1 and a voltage V2 sufficiently
larger than the voltage V1. A data line driving circuit
supplies to the respective data lines a voltage not smaller
than the voltage V1 and not larger than a voltage V3 (but
smaller than the voltage V2) as a data voltage.
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ELECTROLUMINESCENT DISPLAY APPARATUS
AND DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an electrolumines-
cent (EL) display apparatus in which self-luminescent ele-
ments such as organic light emitting diodes (OLEDs) and
thin film transistors (TFTS) for driving the self-luminescent
elements are arranged in a matrix, and the driving method
thereof, and more specifically, relates to a voltage-write type
EL display apparatus in which nonuniform luminance does
not occur even in a large screen display apparatus, and the
driving method thereof.

[0003] 2) Description of the Related Art

[0004] The organic EL display apparatus using an OLED
is recently attracting attention because of a wide angle of
visibility, high contrast, and excellent visibility, as compared
with a liquid crystal display apparatus using a liquid crystal
device. Since the organic EL display apparatus does not
require a backlight, a thin and light display can be realized,
and hence it is also advantageous in view of power con-
sumption. Further, the organic EL display apparatus has
features such that the response speed is fast since direct
current low-voltage driving is possible, it is strong against
vibrations since the display apparatus is formed of solid, it
has a wide operating temperature limit, and a flexible shape
is possible.

[0005] A conventional organic EL display apparatus will
be explained below, mainly about an active matrix panel.
FIG. 13 indicates the active matrix panel and a driving
circuit in the schematic configuration of the conventional
organic EL display apparatus. In FIG. 13, in the active
matrix panel 100, display cells 110 are arranged at each
point of intersection of n scan lines Y, to Y, and m data lines
X, to X, and the basic siructure is similar to that of the
active matrix type liquid crystal display apparatus.

[0006] The active matrix panel 100 includes, as the liquid
crystal display apparatus, a scan line driving circuit 120 that
supplies a scan line select voltage at a predetermined timing
with respect to the n scan lines Y, to Y, and a data line
driving circuit 130 that supplies a data voltage at a prede-
termined timing with respect to the m data lines X, to X__.
In FIG. 13, other types of circuit for driving the organic EL
display apparatus are omitted.

[0007] In the active matrix panel 100, the point different
from the liquid crystal display apparatus is that the respec-
tive display cells 110 include the OLED instead of the liquid
crystal device. As the configuration of the display cell 110,
a so-called voltage write type display cell is well known,
which includes a select TFT, a drive TFT, a capacitor, and an
OLED one cach (for example, sce Japanese Patent Appli-
cation Laid-open Publication No. H8-234683, hereinafter,
“first patent document”).

[0008] One example of an equivalent circuit in the voltage
write type display cell is such that, as shown in FIG. 13, the
gate of the select TFT is connected to the scan line and the
drain to the data line, and the gate of the drive TFT is
connected to the source of the select TFT, and the source to
a common line (in many cases, a ground line GND). The

1) Field of the Invention
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capacitor is connected between the source and gate of the
drive TFT, and the anode side of the OLED is connected to
a supply voltage line (Vdd in the figure), with the cathode
side thereof connected to the drain of the drive TFT.

[0009] The operation of the voltage write type display cell
will be explained briefly. When the scan line select voltage
is supplied from the scan line driving circuit 120 to the gate
of the select TFT, the select TFT becomes the ON state, so
that the data voltage supplied from the data line driving
circuit 130 is applied to the gate of the drive TFT and the
capacitor. As a result, the drive TFT becomes the ON state,
and a current path from the cathode side of the OLED to the
common line is formed. In other words, the OLED emits
light by the current determined corresponding to the data
voltage. On the other hand, the data voltage is stored in the
capacitor.

[0010] The stored data voltage is supplied to the gate of
the drive TFT due to the connection between the drive TFT
and the capacitor. Therefore, even when the scan line select
voltage is not supplied to the gate of the select TFT, that is,
after the scan line driving circuit 120 has shifted to the
selection of the next scan line, the OLED continues to emit
light until the next scan line is selected by the scan line
driving circuit 120. In other words, the OLED continues to
emit light by the data voltage written in the capacitor. Hence,
this type of display cell is referred to as the voltage write

type.

[0011] The first patent document relates to the voltage
write type organic EL display apparatus, and other than this,
a current write type organic EL display apparatus that can
solve the problem of nonuniform luminance described later
has also been proposed (for example, see Japanese Patent
Application Laid-open Publication No. 2001-147659 here-
inafter, “second patent document”).

[0012] However, the organic EL display apparatus adopt-
ing the voltage write type display cell has a problem in that
nonuniform luminance occurs in realizing a large screen. It
is known that this problem occurs because the properties of
the drive TFT (for example, threshold voltage Vth) are
different between the display cells, even on a normal-size
screen. Various solutions with respect to the problem due to
the difference in the drive TFT have been proposed, and
hence further explanation is omitted here.

[0013] The occurrence of nonuniform luminance due to a
large screen is not attributable to the difference in the drive
TFT, but attributable to wiring resistance of the common
line. This problem will be explained below. FIG. 14A
illustrates a display cell line of the i-th line in the active
matrix panel 100. As shown in FIG. 14A, in m display cells
on the i-th line, the sources of the respective drive TFTs are
all connected to the same common line 31. In other words,
while all drive TFTs are in the ON state, the currents i; to i,
flowing to the respective OLEDs flow to the same common
line 31. The common line 31 is formed of a highly conduc-
tive material, but has wiring resistance more or less (resis-
tance R, to R, ; in the figure), and when the length thereof
becomes long with an increase of the screen size, a voltage
drop due to the wiring resistance cannot be ignored.

[0014] Normally, since high definition is realized with an
increase of the screen size, the number of the display cells
in the line direction also increases. This means that the sum
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total of the current flowing into the common line 31
increases, which causes a further increase in the voltage drop
due to the wiring resistance. Therefore, when the luminance
of the active matrix panel 100 is made the highest, the
current value flowing into the common line 31 becomes the
largest. FIG. 14B explains a voltage drop in the common
line. The common lines 31 are arranged, as shown in FIG.
13, for each line, and in parallel with the line direction, and
the opposite terminals thereof are connected to a common
power source. Since the common power source is a
grounded potential in many cases, the current flowing into
the common line 31 from the respective display cells is
divided by a current value corresponding to the inflow
position and directed to the opposite terminals of the com-
mon line 31. Therefore, when the wiring length of the
common line 31 is designated as L, as shown in FIG. 14B,
the potential at a position of 0.5L from one end of the
common line 31 becomes maximum, taking into consider-
ation that the wiring resistance is superimposed according to
the position from the end of the common line 31. The
maximum value V___is expressed by the following equa-
tions:

L (m+1y
vmx:;.,-.,.(—z ] [m: 0dd number]
L om o m+2) )
Vm“_z.;-l-i-(TJ [m: even number]

[0015] where the current flowing to the respective OLEDs
is designated as “i”, and a resistance of the wiring resistance
of the common line 31 corresponding to between the display
cells is designated as “r”.

[0016] In the organic EL display apparatus, since all
OLEDs are made to emit light steadily, the current flows
from the respective display cells to the common line 31,
even immediately before writing a new data voltage in the
capacitor in the display cell. In other words, even immedi-
ately before writing a data voltage, the potential of the
common line 31 has a size corresponding to the position of
the display cell in which the data voltage is written, that is,
a size according to the potential distribution as shown in
FIG. 14B. As seen from the configuration of the display cell
shown in FIG. 14A, since one terminal of the capacitor is
connected to the common line 31, the voltage written in the
capacitor has a size based on the potential of the common
line 31. In other words, even when the data having the same
voltage value is input respectively to the display cells on the
first row and the display cells on the m/2-th row, the voltage
written in the capacitor in the respective display cells is
different.

[0017] For example, even when a data voltage V;, is
supplied to all data lines X; to X from the data line driving
circuit 130, the voltage V, is written in the capacitor in the
display cell located on the data line X in FIGS. 14A and
14B, and a voltage V-V which is smaller than the
voltage V;, is written in the capacitor in the display cell
located on the data line X, ;. That is, the active matrix
panel 100 becomes dark in the central portion, and brighter
towards the edges. This is an important problem in realizing
a large size and high luminance in the active matrix panel
100.
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[0018] The second patent document discloses a current
write type display cell, but in this current write type, it is
necessary to provide a minute current of a precise value to
the respective display cells. With an increase of the screen
size, the current control becomes difficult. Further, the
current write type display cell requires more (for example,
four) TFTs than being required in the voltage write type
display cell, in order to form the display cell, this causes
problems in improving a numerical aperture of the display
cell and in cost reduction.

SUMMARY OF THE INVENTION

[0019] Tt is an object of the present invention to at least
solve the problems in the conventional technology.

[0020] An electroluminescent display apparatus according
to one aspect of the present invention includes a plurality of
display cells arranged in a matrix form in which a plurality
of scan lines and a plurality of data lines intersect, and a scan
line driving circuit. Each of the display cells includes a
select transistor whose gate receives a select voltage from
one of the scan lines; a drive transistor whose gate receives
a data voltage from one of the data lines through the select
transistor; a capacitor whose one terminal is connected to the
gate of the drive transistor; and an electroluminescent ele-
ment whose one terminal is connected to a source of the
drive transistor. The scan line driving circuit supplies a
stepped pulse as the select voltage to each of the scan lines,
the stepped pulse being formed of a first voltage and a
second voltage larger than the first voltage. A drain of the
drive transistor and other terminal of the capacitor are
connected to a scan line next to the one of the scan lines.

[0021] An electroluminescent display apparatus according
to another aspect of the present invention includes a plurality
of display cells arranged in a matrix form in which a
plurality of select scan lines and a plurality of data lines
intersect, a plurality of write scan lines, and a scan line
driving circuit. Each of the display cells includes a select
transistor whose gate receives a select voltage from one of
the select scan lines; a drive transistor whose gate receives
a data voltage from one of the data lines through the select
transistor; a capacitor whose one terminal is connected to the
gate of the drive transistor; and an electroluminescent ele-
ment whose one terminal is connected to a source of the
drive transistor. Each of the write scan lines is arranged in
a pair with each of the select scan lines and is connected to
a drain of the drive transistor and other terminal of the
capacitor. The scan line driving circuit supplies a scan line
select voltage to each of the select scan lines, and supplies
a write reference voltage to each of the write scan lines that
is in a pair with the each of the select scan lines. The scan
line driving circuit supplies the scan line select voltage and
the write reference voltage at a voltage value and a timing
such that a first phase, a second phase, and a third phase are
sequentially repeated, the first phase indicates that the data
voltage is written in the capacitor without allowing the
electroluminescent element to emit light, the second phase
indicates that a voltage stored in the capacitor is held without
allowing the electroluminescent element to emit light, and
the third phase indicates that light emission by the electrolu-
minescent element is sustained until the next first phase
depending on the voltage stored.

[0022] An electroluminescent display apparatus according
to still another aspect of the present invention includes a
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plurality of display cells arranged in a matrix form in which
a plurality of scan lines and a plurality of data lines intersect,
a plurality of common lines, and a data line driving circuit.
Each of the display cells includes a select transistor whose
gate receives a select voltage from one of the scan lines; a
drive transistor whose gate receives a data voltage from one
of the data lines through the select transistor; a capacitor
whose one terminal is connected to the gate of the drive
transistor; and an electroluminescent element whose one
terminal is connected to a source of the drive transistor. Each
of the common lines is connected to a drain of the drive
transistor and other terminal of the capacitor. The data line
driving circuit calculates a voltage drop in the electrolumi-
nescent element at a position in a direction of each of the
scan lines, based on the position in the direction with respect
to the each of common lines and a wiring resistance between
the display cells arranged on the each of common lines, and
supplies a data voltage corrected based on the voltage drop
to each of data lines.

[0023] A driving method according to still another aspect
of the present invention includes driving an electrolumines-
cent display apparatus. The electroluminescent display
apparatus includes a plurality of display cells arranged in a
matrix form in which a plurality of scan lines and a plurality
of data lines intersect, each of the display cells including a
select transistor whose gate receives a select voltage from
one of the scan lines; a drive transistor whose gate receives
a data voltage from one of the data lines through the select
transistor; a capacitor whose one terminal is connected to the
gate of the drive transistor; and an electroluminescent ele-
ment whose one terminal is connected to a source of the
drive transistor, wherein a drain of the drive transistor and
other terminal of the capacitor are connected to a scan line
next to the one of the scan lines. The driving method
includes first supplying a first voltage to each of the scan
lines during a predetermined cycle; second supplying a
second voltage larger than the first voltage to the each of the
scan lines during the cycle, successively from the first
supplying; and third supplying a voltage not larger than a
threshold voltage of the select transistor to each of the scan
lines, at least during the cycle, successively from the second
supplying.

[0024] A driving method according to still another aspect
of the present invention includes driving an electrolumines-
cent display apparatus. The electroluminescent display
apparatus includes a plurality of display cells arranged in a
matrix form in which a plurality of select scan lines and a
plurality of data lines intersect, each of the display cells
including a select transistor whose gate receives a select
voltage from one of the select scan lines; a drive transistor
whose gate receives a data voltage from one of the data lines
through the select transistor; a capacitor whose one terminal
is connected to the gate of the drive transistor;, and an
electroluminescent element whose one terminal is connected
to a source of the drive transistor; and a plurality of write
scan lines, each of the write scan lines being arranged in a
pair with each of the select scan lines and being connected
to a drain of the drive transistor and other terminal of the
capacitor. The driving method includes first supplying the
select voltage and a write reference voltage to each of the
select scans line and each of the write scan lines, respec-
tively, at a voltage value and a timing such that the data
voltage is written in the capacitor, without allowing the
electroluminescent element to emit light; second supplying
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the select voltage and the write reference voltage to the each
of the select scan lines and the each of the write scan lines,
respectively, at a voltage value and a timing such that a
voltage stored in the capacitor is held, without allowing the
electroluminescent device to emit light; and third supplying
the select voltage and the write reference voltage to the each
of the select scan lines and the each of the write scan lines,
respectively, at a voltage value and a timing such that light
emission of the electroluminescent device is sustained until
the next first supplying, based on the voltage stored.

[0025] A driving method according to still another aspect
of the present invention includes driving an electrolumines-
cent display apparatus. The electroluminescent display
apparatus includes a plurality of display cells arranged in a
matrix form in which a plurality of scan lines and a plurality
of data lines intersect, each of the display cells including a
select transistor whose gate receives a select voltage from
one of the scan lines; a drive transistor whose gate receives
a data voltage from one of the data lines through the select
transistor; a capacitor whose one terminal is connected to the
gate of the drive transistor; and an electroluminescent ele-
ment whose one terminal is connected to a source of the
drive transistor; and a plurality of common lines, each of the
common lines being connected to a drain of the drive
transistor and the other terminal of the capacitor. The driving
method includes calculating a voltage drop in the electrolu-
minescent element at a position in a direction of each of the
scan lines, based on the position in the direction with respect
to the each of common lines and a wiring resistance between
the display cells arranged on the each of common lines;
correcting the data voltage based on the voltage drop; and
supplying the data voltage corrected to each of the data lines.

[0026] The other objects, features and advantages of the
present invention are specifically set forth in or will become
apparent from the following detailed descriptions of the
invention when read in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic diagram of an EL display
apparatus according to a first embodiment;

[0028] FIG.2 is an equivalent circuit diagram in a display
cell of the EL display apparatus according to the first
embodiment;

[0029] FIG. 3 is a timing chart of a scan line select voltage
supplied to scan lines, and a data voltage supplied to a data
line, in the equivalent circuit in the display cell in the EL
display apparatus;

[0030] FIG. 4 is an equivalent circuit diagram in a display
cell of an EL display apparatus according to a second
embodiment;

[0031] FIG. 5is a timing chart of a scan line select voltage
supplied to scan lines, and a data voltage supplied to a data
line, in the equivalent circuit in the display cell in the EL
display apparatus;

[0032] FIG. 6 is a schematic diagram of an EL display
apparatus according to a third embodiment,

[0033] FIG. 7 is an equivalent circuit diagram in a display
cell of the EL display apparatus according to the third
embodiment;
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[0034] FIG. 8 is a timing chart of a scan line select voltage
supplied to a select scan line, a write reference voltage
supplied to a write scan line, and a data voltage supplied to
a data line, in the equivalent circuit in the display cell in an
EL display apparatus according to a fourth embodiment;

[0035] FIG. 9is an equivalent circuit diagram in a display
cell of the EL display apparatus according to the fourth
embodiment;

[0036] FIG. 10 is a timing chart of a scan line select
voltage supplied to a select scan line, a write reference
voltage supplied to a write scan line, and a data voltage
supplied to a data line, in the equivalent circuit in the display
cell in the EL display apparatus;

[0037] FIG. 11A is an equivalent circuit diagram for
explaining a driving method of an EL display apparatus
according to a fifth embodiment, and FIG. 11B is a timing
chart of the equivalent circuit;

[0038] FIG. 12 is an equivalent circuit in a replaceable
cathode common type display cell in the first to the fifth
embodiments;

[0039] FIG.13is a schematic diagram of the conventional
organic EL display apparatus; and

[0040] FIG. 14A is an equivalent circuit diagram of a part
of a conventional active matrix panel, and FIG. 14B is a
graph indicating a voltage drop in a common line.

DETAILED DESCRIPTION

[0041] Exemplary embodiments of EL display apparatus
and driving methods according to the present invention will
be explained in detail, with reference to the accompanying
drawings. However, the present invention is not limited to
the embodiments.

[0042] The characteristic points of the EL display appa-
ratus and the driving method thereof according to a first
embodiment are that the common line is eliminated, and one
terminal of the capacitor heretofore connected to the com-
mon line is connected to the scan line in another display cell
adjacent to the display cell having the capacitor, and the
voltage applied to the scan line is a stepped pulse.

[0043] FIG. 1 illustrates an active matrix panel and a
driving circuit in the schematic configuration of the EL
display apparatus according to the first embodiment. In FIG.
1, in the active matrix panel 10, n scan lines Y, to Y, and m
data lines X, to X_, are formed in a lattice form on a glass
substrate, and a display cell 11 is respectively arranged at
each point of intersection of these scan lines and data lines.
The respective display cells 11 include a TFT as described
later. The active matrix panel 10 includes a scan line driving
circuit 20 that supplies a scan line select voltage to the n scan
lines Y, to Y, at a predetermined timing and a data line
driving circuit 30 that supplies a data voltage to the m data
lines X; to X, at a predetermined timing. That is, the
configuration is the same as that of the conventional organic
EL display apparatus shown in FIG. 13. In FIG. 1, other
various types of circuit for driving the organic EL display
apparatus are omitted.

[0044] 1In the EL display apparatus shown in FIG. 1, the
points different from the conventional organic EL display
apparatus shown in FIG. 13 are that the common line is
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eliminated, that one terminal of the capacitor in the respec-
tive display cells is connected to the scan line in the adjacent
display cell, and that a supplementary scan line Y,,; con-
nected to one terminal of the capacitor in the respective
display cells on the n-th line (the last line) is provided.
Further, a point that the scan line driving circuit 20 supplies
a stepped pulse as the scan line select voltage, and a similar
pulse to the supplementary scan line Y, is also different.
That is, the driving method by the scan line driving circuit
20 is also the characteristic point of the present invention.
The internally same pulse as that for the scan line Y, is
supplied to the supplementary scan line Y, ; by the scan line
driving circuit 20.

[0045] FIG. 2 illustrates an equivalent circuit in the dis-
play cell of the EL display apparatus according to the first
embodiment. FIG. 2 expresses three display cells PX,, ;_;y,
PX e 19y PXe 101y located on the i-1-th line to the i+1-th line
on the k-th row. Here, the equivalent circuit in the display
cell PX, ; on the i-th line on the k-th row will be explained.
The display cell PXy ; includes an n-channel select TFT 12;
whose gate is connected to the scan line Y, and drain is
connected to the data line X,, an n-channel drive TFT 13,
whose gate is connected to the source of the select TFT 12,
and the source is connected to the scan line Y,,, in the
low-order display cell PX 4, .y, a capacitor CS; connected
between the source and the gate of the drive TFT 13, and an
OLED LD, whose anode side is connected to a supply line
of the supply voltage V4 and cathode side is connected to
the drain of the drive TFT 13;. The display cells PX ;_1),
PX 1.1y and other display cells are expressed by the same
equivalent circuit as in the display cell PX ;.

[0046] The operation of the equivalent circuit shown in
FIG. 2 will be explained. FIG. 3 illustrates a timing chart of
a scan line select voltage supplied to the scan lines Y;_; to
Y., and a data voltage supplied to the data line X,.. In FIG.
3, voltage of the scan line Y,,, supplied to the display cell
PX . 142 Is also shown, for the convenience of explanation.

[0047] First, during a period t0, the scan line driving
circuit 20 supplies a voltage V1 to the scan line Y; 1, and
supplies a voltage not larger than a threshold voltage of the
respective select TFTs (hereinafter, “O[V]” for the brevity of
explanation) with respect to other scan lines (not shown). As
a result, only the select TFT 12;_, in the display cell PX,_
i-1y becomes the ON state, and the other select TFTs are m
the OFF state. The voltage V1 is expressed as:

n+1

V1=V, Vi

[0048] Here, V,, is the supply voltage described above,
and V,, is a light-emitting threshold voltage of the OLEDs
in the respective display cells.

[0049] During the period t0, a voltage S0 is supplied to the
data line X, by the data line driving circuit 30. Since the
source of the drive TFT 13,_; is connected to the scan line
Y,, the potential thereof indicates the potential of the scan
line Y, that is, O[V]. Therefore, when the select TFT 12;_,;
becomes the ON state, the source-gate voltage of the drive
TFT 13,_,, that is, a voltage SO is input to the gate of the
drive TFT 13, ,. Since the voltage S0 indicates a positive
value not smaller than the threshold voltage of the drive TFT
13, ,, the drive TFT 13,_, becomes the ON state. When the
drive TFT 13;_, becomes the ON state, a voltage obtained by
subtracting the drain-source voltage of the drive TFT 13,
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from the supply voltage V4, is applied to the OLED LD,_,.
Since the drain-source voltage is sufficiently small, the
OLED LD,_, is applied with a voltage not smaller than the
light-emitting threshold and starts to emit light.

[0050] Further, since one terminal of the capacitor CS,_; is
also connected to the scan line Y,, the potential thereof
indicates the potential of the scan line Y,, that is, O[V],
during the period to. Eventually, the potential difference
between the data line X, and the scan line Y, that is, the
voltage S0 is written in the capacitor CS;_;. The data voltage
supplied by the data line driving circuit 30 is not smaller
than the voltage V1 and not larger than the voltage V3. That
is, the voltage SO0, voltages S1 to S5 described later, and
voltages V1 and V3 have the following relationship:

V1<S0 to S5<V3.

[0051] On the other hand, the select TFTs in the display
cells other than the display cell PX, 1) become the OFF
state during the period to. Therefore, in the initial state in
which electric charge is not held in the capacitors in these
display cells, the respective drive TFTs are in the OFF state,
and hence the respective OLEDs do not emit light.

[0052] During the next period t1, the scan line driving
circuit 20 supplies a voltage V2 larger than the voltage V1
to the scan line Y;_,, voltage V1 to the scan line Y;, and O[ V]
to scan lines Y,, ; and Y, ,, and other scan lines (not shown).
As a result, the select TFT 12,_; in the display cell PX ; sy
and the select TFT 12, in the display cell PX ;, become the
ON state, and the other select TFTs are in the OFF state. The
voltage V2 is a sufficiently larger value than the voltage V3.

[0053] During the period ti, a voltage S1 is supplied to the
data line X, by the data line driving circuit 30. Since the
source of the drive TFT 13,_, is connected to the scan line
Y, the potential thereof indicates the potential of the scan
line Y;, that is, V1. Therefore, when the select TFT 12,
becomes the ON state due to the input of the voltage V2, the
source-gate voltage of the drive TFT 13,_, that is, a voltage
S1-V1 is input to the gate of the drive TFT 13;_;. Since the
voltage S1-V1 indicates a positive value not smaller than the
threshold voltage of the drive TFT 13;_,, the drive TFT 13,_;
becomes the ON state.

[0054] When the drive TFT 13,_; becomes the ON state, a
voltage obtained by subtracting the drain-source voltage of
the drive TFT 13,_, and the voltage V1 from the supply
voltage V,, is applied to the OLED LD, ;. Since the
drain-source voltage is sufficiently small, but the voltage V1
has the relation of V1=V -V, , the OLED LD,_, is applied
with a voltage smaller than the light-emitting threshold and
hence does not emit light. Further, since one terminal of the
capacitor CS;_; is also connected to the scan line Y, the
potential difference between the data line X, and the scan
line Y,, that is, the voltage S1-V1 is also written in the
capacitor CS;_,

[0055] Further, since the source of the drive TFT 13, is
connected to the scan line Y, ,, the potential thereof indi-
cates the voltage of the scan line Y, that is, O[V].
Therefore, when the select TFT 12; becomes the ON state
due to the input of the voltage V1, the source-gate voltage
of the drive TFT 13,, that is, a voltage S1 is input to the gate
of the drive TFT 13,. Since the voltage S1 indicates a
positive value not smaller than the threshold voltage of the
drive TFT 13,, the drive TFT 13, becomes the ON state.
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When the drive TFT 13; becomes the ON state, a voltage
obtained by subtracting the drain-source voltage of the drive
TFT 13; from the supply voltage V, is applied to the OLED
LD, since the potential of the scan line Y,,, is O[V]. This
state is similar to that of the OLED LD,_; in the period t0,
and hence the OLED LD,; starts to emit light. Further, since
the capacitor CS; is in the same state as that of the capacitor
CS,_; during the period 10, the potential difference between
the data line X, and the scan line Y,, that is, the voltage S1
is written in the capacitor CS;.

[0056] On the other hand, since the select TFTs in the
display cells other than the display cell PX, ;_;y and PX
i become the OFF state during the period t1. Therefore, 1n
the initial state in which electric charge is not held in the
capacitors in these display cells, the respective drive TFTs
are in the OFF state, and hence the respective OLEDs do not
emit light.

[0057] During the next period t2, the scan line driving
circuit 20 supplies voltage O[ V] to the scan line Y;_,, voltage
V2 to the scan line Y,, voltage V1 to the scan line Y., ,, and
0[V] to scan line Y, ,, and other scan lines (not shown). As
aresult, the select TFT 12; in the display cell PX ;) and the
select TFT 12;, in the display cell PX ;,;) become the ON
state, and the select TFT 12;_; n the display cell PX, ; 4,
and the select TFTs in other display cells are in the OFF
state. The voltage S2 is supplied to the data line X, by the
data line driving circuit 30 during this period t2.

[0058] In this state, the select TFT 12,_, in the display cell
PX4, i1 is In the OFF state, but since voltage S1-V1 is
written in the capacitor CS;_; in this display cell, the drive
TFT 13,_, becomes the ON state, with the voltage input to
the gate thereof. However, since voltage V2 having a suf-
ficiently large value is supplied to the scan line Y, connected
to the source of the drive TFT 13,_;, the OLED LD, , is
applied with a voltage smaller than the light-emitting thresh-
old, and hence it does not emit light.

[0059] On the other hand, since the source of the drive
TFT 13, is connected to the scan line Y,,;, the potential
thereof indicates the potential of the scan line Y,, , that is,
V1, during the period 2. Therefore, when the select TET 12,
becomes the ON state, the source-gate voltage of the drive
TFT 13,, that is, a voltage S2-V1 is input to the gate of the
drive TFT 13,. Further, since the source of the drive TFT 13,
is connected to the scan line Y,,,, the potential thereof
indicates the potential of the scan line Y,,,, that is, O[V],
during the period t2. Therefore, when the select TFT 12,
becomes the ON state, the source-gate voltage of the drive
TFT 13,, ,, that is, a voltage S2 is input to the gate of the
drive TFT 13,,; and the capacitor CS,, ;

[0060] The state of these display cells PX, ;and PXy 1,y
is the same as that of the display cells PXy ;_,, and PXy
during the period tl. Therefore, the OLED LD; is applied
with a voltage smaller than the light-emitting threshold, and
hence it does not emit light, and the potential difference
between the data line X, and the scan line Y, that is, .a data
voltage S2-V1 is written in the capacitor CS;. Further, the
OLED LD, starts to emit light, and the potential difference
between the data line X, and the scan line Y, that is, data
voltage S2 is written in the capacitor CS,, ,

[0061] The select TFTs in the display cells other than those
display cells are in the OFF state during the period t2.
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Therefore, in the initial state in which electric charge is not
held in the capacitors in these display cells, the respective
drive TFTs are in the OFF state, and hence the respective
OLEDs do not emit light.

[0062] During period t3, the scan line driving circuit 20
supplies voltage O[ V] to the scan lines Y;_; and Y, voltage
V2 to the scan line Y}, ;, voltage V1 to the scan line Y, ,, and
0['V] to other scan lines (not shown). As a result, the select
TFT 12;, in the display cell PXy 1,4 and the select TFT12;,,
in the dlsplay cell PX, ,,,, become the ON state, and the
select TFT 12;_; in the dlsplav cell PX . iy, the select TFT
12; in the display cell PX ;, and the select TFTs in the other
dlsplay cells are in the OFF state. The voltage S3 is supplied
to the data line X, by the data line driving circuit 30 during
this period t3.

[0063] In this state, the select TFT 12,_, in the display cell
PX . i_1yis in the OFF state, but since voltage S1-V1 is held
in the capacitor CS;_; in this display cell, the drive TFT 13,_;
becomes the ON state, with the voltage input to the gate
thereof. Further, since O[v] is supplied to the scan line Y,
connected to the source of the drive TFT 13,_,, the OLED
LD; is applied with a voltage larger than the light-emitting
threshold, and starts to emit light.

[0064] During this period t3, the select TFT 12; in the
display cell PXy ; is in the OFF state, but since the voliage
S2-V1 is written in the capacitor CS; in this display cell in
the period t2, the drive TFT 13, becomes the ON state, with
the voltage input to the gate thereof. However, since the
voltage V2 is supplied to the scan line Y;,; connected to the
source of the drive TFT 13,, the OLED LD, is applied with
a voltage smaller than the light-emitting threshold, and
hence does not emit light. In other words, the display cell
PX isinthe same state as the display cell PX ;_,,in the
per10d t2.

[0065] On the other hand, since the source of the drive
TFT 13,,, is connected to the scan line Y;,,, the potential
thereof indicates the potential of the scan line Y,,,, that is,
V1, during the period t3. Therefore, when the select TFT
12, becomes the ON state, the source-gate voltage of the
drive TFT 13, ,, that is, a voltage S3-V1 is input to the gate
of the drive TFT 13,,, and the capacitor CS,, ;.

[0066] This state is the same as that of the drive TFT 13;_,
in the period t1. Therefore, the OLED LD, | is applied with
a voltage smaller than the light-emitting threshold, and
hence does not emit light, and the potential difference
between the data line X, and the scan line Y;, that is, the data
voltage S3-V1 is written the capacitor CS,,;

[0067] The select TFTs in the display cells other than the
display cell PX, ;,,, are in the OFF state during the period
3. Therefore, in the initial state in which electric charge is
not held in the capacitors in these display cells, the respec-
tive drive TFTs are in the OFF state, and hence the respec-
tive OLEDs do not emit light.

[0068] 1In the period t4 and onward, a stepped pulse as
shown in FIG. 3, formed of voltages V1 and V2 is supplied
to the respective display cells, in the order of selection by the
scan line driving circuit 20, that is, in the order that the
voltage V1 is supplied to the scan line as a scan line select
voltage, thereby to repeat the operation described above.

[0069] In these operations, the respective display cells
operate in a flow having a first phase for allowing the OLED
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to emit light momentarily based on the data voltage when
voltage V1 is supplied to the scan line, a second phase for
writing in the capacitor the data voltage when voltage V2
larger than voltage V1 is supplied to the scan line, without
allowing the OLED to emit light, a third phase for holding
the written voltage while stopping write in the capacitor,
without allowing the OLED to emit light, and a fourth phase
for sustaining the light emission of the OLED until the new
first phase, based on the written voltage, while stopping
write in the capacitor.

[0070] At the time of writing the voltage in the second
phase, since the potential at one terminal of the capacitor
connected to the common line in the conventional configu-
ration is fixed to voltage V1, regardless of the position of the
display cell, a desired voltage (data voltage—voltage V1) can
be accurately written in the capacitor. However, it is neces-
sary to supply to the data line a voltage larger by voltage V1
than the voltage to be written in the capacitor. Undesired
light emission occurs in the first phase, but it is only for a
quite short time that can be ignored as compared with the
sustained light-emitting time in the fourth phase, and cannot
be seen, and hence it does not cause any problem.

[0071] As explained above, according to the EL display
apparatus and the driving method thereof according to the
first embodiment, since one terminal of the capacitor and the
source of the drive TFT are connected to the scan line for
selecting a low-order line in the display cell including these,
the common line that has been heretofore necessary can be
eliminated. Further, the data voltage is written in the capaci-
tor, with the potential at one terminal of the capacitor in the
display cell fixed to voltage V1, which is input to the scan
line, and with no current allowed to flow to the OLED.
Therefore, the potential at one terminal of the capacitor does
not change according to the position of the display cell on
the line, and a desired voltage can be accurately held in the
capacitor. In other words, even when the number of the
display cells located in the line direction increases with an
increase in the screen size of the active matrix panel 10, such
nonuniform luminance, which has heretofore occurred, that
it is dark in the central portion and brighter towards the edge
does not occur.

[0072] The EL display apparatus and the driving method
thereof according to a second embodiment will be explained
below. The EL display apparatus and the driving method
thereof according to the second embodiment has a feature in
that in addition to the driving method explained in the first
embodiment, a rectangular pulse equal to the pulse width of
the stepped pulse is input to display cells other than the
display cell in which the stepped pulse is written, to thereby
perform data write and data erase at the same time on the
same panel.

[0073] The schematic configuration of the EL display
apparatus according to the second embodiment is as shown
in FIG. 1, and hence the explanation thereof is omitted.
Therefore, the driving method by the scan line driving
circuit 20 will be explained below.

[0074] FIG. 4 illustrates an equivalent circuit in a display
cell of the EL display apparatus according to the second
embodiment. Particularly, FIG. 4 indicates two display cells
PXq 5 and PXy .4y located on the i-th line and the i+1-th
11ne and two dlsplay cells PXy 5y and PXy 4,4y located on
the j-th line and the j+1-th line away from these two display
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cells by predetermined lines, on the k-th row. Since the
circuit configuration and the signs in the respective display
cells are the same as in the first embodiment, and hence the
explanation thereof is omitted.

[0075] FIG. 5illustrates a timing chart of a scan line select
voltage supplied to the scan lines Y, Y;,,, Y;, and Y, ;, and
a data voltage supphed to the data line X 1 m the equlvalent
circuit shown in FIG. 4. Voltages V1, V2, and V3 in the

figure have the relation shown in the first embodiment.

[0076] During the period t1, the scan line driving circuit
20 supplies voltage V1 to the scan line Y;, voltage V2 to the
scan line Y, and O[ V] to scan lines Y;,; and Y;,, and other
scan lines (not shown). As a result, the select TFT 12, in the
display cell PXy ;y and the select TFT 12; in the dlsplay cell
PX ; become the ON state, and the other select TFTS are
in the OFF state.

[0077] During the period t1, a data voltage S1 is supplied
to the data line X, by the data line driving circuit 30. Since
the source of the drive TFT 13, is connected to the scan line

Y,.1, the potential thereof indicates the potential of the scan
line Y,,,, that is, O[V]. Therefore, when the select TFT 12,
becomes the ON state, the source-gate voltage of the drive
TFT 13,, that is, the voltage S1 is input to the capacitor CS5
and the gate of the drive TFT 13,. This state is the same as
that of the display cell PX, ; in the period t1 explained in
the first embodiment. Therefore, the OLED LD, is applied
with a voltage not smaller than the light-emitting threshold
and starts to emit light, and a potential difference between
the data line X, and the scan line Y,,, that is, voltage S1 is
written in the capacitor CS;.

[0078] Since the source of the drive TFT 13, is connected
to the scan line Yi,,, the potential thereof indicates the
potential of the scan line Y, ,, that is, [ V]. Therefore, when
the select TFT 12; becomes the ON state, the data voltage S1
is input to the capacitor CS; and the gate of the drive TFT
13;. This state is also the same as that of the display cell
PX( - Therefore, the OLED LD; is applied with a voltage
not smaller than the light- emlttmg threshold and starts to
emit light, and a potential difference between the data line
X and the scan line Y;, ;, that is, data voltage S1 is written
in'the capacitor CS;,

[0079] On the other hand, the select TFTs in the display
cells other than the display cells PXy ), PX ;) are in the
OFF state during the period ti. Therefore, in the Initial state
in which electric charge is not held in the capacitors in these
display cells, the respective drive TFTs are in the OFF state,
and hence the respective OLEDs do not emit light.

[0080] During the next period t2, the scan line driving
circuit 20 supplies voltage V2 to the scan lines Y;, Y;, and
Y., voltage V1 to the scan line Y;, ;,and O[ V] to other scan
lines (not shown). As a result, the select TFT 12, in the
display cell PX ;), the select TFT 12;,; in the display cell
PX . 111y, the select TET 12, in the display cell PX, ;), and
the select TFT 12, ; in the dlsplay cell PX e 11y become the
ON state, and other select TFTs are in the OFF state.

[0081] During this period t2, voltage S2 is supplied to the
data line X, by the data line driving circuit 30. Since the
source of the drive TFT 13, is connected to the scan line Y, ;,
the potential thereof 1nd1cates the potential of the scan line
Y,.;, that is, voltage V1. Therefore, when the select TFT 12;
becomes the ON state, a voltage S2-V1 is input to the

i+1>
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capacitor CS; and the gate of the drive TFT 13,. Further,
since the source of the drive TFT 13,,; is connected to the
scan line Y,,,, the potential thereof indicates the potential of
the scan line Y,,,, that is, O[V]. Therefore, when the select
TFT 12,, ; becomes the ON state, data voltage S2 is input to
the capacitor CS,, | and the gate of the drive TFT 13,, . The
state of these display cells PX . ;y and PXy .4y is the same
as that of the dlsplay cells PX ;v and PX 1,4y in the period
12 explained in the first embodiment. Therefore the OLED
LD; is applied with a voltage smaller than the light-emitting
threshold and hence does not emit light, and a potential
difference between the data line X, and the scan line Y, ,
that is, data voltage S2-V1 is written in the capacitor CS;.
Further, the OLED LD,,, is applied with a voltage not
smaller than the light-emitting threshold and starts to emit
light, and a potential difference between the data line X, and
the scan line Y,,,, that is, data voltage S2 is written in the
capacitor CS,_,

[0082] On the other hand, since the source of the drive
TFT 13; is connected to the scan line Y;,,, the potential
thereof indicates the potential of the scan line Yy, ,, that is,
V2. Therefore, during the period 12, when the select TFT 12
becomes the ON state, the source-gate voltage of the drive
TFT 12, that is, voltage S2-V2 is input to the gate of the
drive TFT 13;. Since voltage V2 has a larger value than the
data voltage, as explained in the first embodiment, the
voltage S2-V2 indicates a negative value. That is, the drive
TFT 13; becomes the OFF state, and the OLED LD; does not
emit light. Since one terminal of the capacitor CS; is also
connected to the scan line Y;,,, a potential difference
between the data line X, and the scan line Y]+1, that is,
negative voltage S2-V2 is written in the capacitor CS,.
[0083] Since the source of the drive TFT 13;,, is con-
nected to the scan line Y;,,, the potential thereof indicates
the potential of the scan line Y, ,, that is, O[ V]. Therefore,
when the select TFT 12;,, becomes the ON state due to the
input of voltage V2, the data voltage S2 is input to capacitor
CS;,, and the gate of the drive TFT 13, ;. Since this state is
also the same as that of the display cell PX, ; during the
period t1 explained above. Therefore, the OLED LD;,; is
applied with a voltage not smaller than the light-emitting
threshold and starts to emit light, and a potential difference
between the data line X, and the scan line Y, ,, that is, data
voltage S2 is written in the capacitor CS;,

[0084] Further, the select TFTs in the display cells other
than the display cells described above become the OFF state
during this period t2. Therefore, in the initial state in which
electric charge is not held in the capacitors in these display
cells, the respective drive TFTs are in the OFF state, and
hence the respective OLEDs do not emit light.

[0085] During the next period t3, the scan line driving
circuit 20 supplies voltage V2 to the scan lines Yy, ; and Y.
and O[ V] to scan lines Y; and Y; and other scan lines (not
shown). As a result, the select TFT 12, , in the display cell
PX4. 121y and the select TFT 12, , in the display cell PX;
j+1) become the ON state, and other select TFTs are in the

OFF state.

[0086] During this period t3, voltage S3 is supplied to the
data line X, by the data line driving circuit 30. In this state,
the select TFT 12; in the display cell PX, ;) is in the OFF
state, but since voltage S2-V1 has been written in the
capacitor CS; in the same display cell in the period t2, the

+2°
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drive TFT 13, becomes the ON state, with the voltage input
to the gate thereof. However, since voltage V2 is supplied to
the scan line Y, connected to the source of the drive TFT13,,
the OLED LD, is applied with a voltage smaller than the
light-emitting threshold, and hence does not emit light, as in
the state of the display cell PX, ; in the period t3 explained
in the first embodiment.

[0087] Further, the source of the drive TFT 13,,; is con-
nected to the scan line Y, ,,but the voltage shown in the
timing chart of the scan line Y, in the periods t1 and t2 is
sequentially provided with respect to the scan line Y,,,
onward. Therefore, the potential at the source of the drive
TFT 13,, , indicates a potential of the scan line Y, ,, that is,
voltage V1. Accordingly, when the select TFT 12;,; becomes
the ON state, voltage S3-V1 is input to the capacitor CS;,;
and the gate of the drive TFT 13,, ;. The state of the display
cell PXy. .1y is the same as that of the display cell PX ;.1
in the period t3 explained in the first embodiment. In other
words, the OLED LD, is applied with a voltage smaller
than the light-emitting threshold and does not emit light, and
a potential difference between the data line X, and the scan
line Y,,,, that is, voltage $3-V1 is written in the capacitor
i+1°

[0088] On the other hand, the select TFT 12; in the display
cell PX . is in the OFF state, and since a negative voliage
S2-V2 has been written in the capacitor CS; in this display
cellin the period (2, the drive TFT 13; becomes the OFF state
as well. In other words, the OLED LD, does not emit light.
Particularly, this non-light emission state is sustained until
new voltage write is performed, as in the display cell PX
iy in the period tl. That is, data erase is performed with
respect to the display cell PX ;).

[0089] Further, the source of the drive TFT 13;,, is con-
nected to the scan line Y;,;, but the voltage shown in the
timing chart of the scan line Y; in the periods (1 and 12 is
sequentially provided with respect to the scan line Y;,,
onward. Therefore, the potential at the source of the drive
TFT 13,,, indicates a potential of the scan line Y, ,,, that is,
voltage V2. This state is the same as that of the display cell
PX j in the period t2. In other words, the drive TFT 13,
becomes the OFF state, with negative voltage S3-V2 input
to the gate, and the OLED LD;,; does not emit light, and a
potential difference between the data line X, and the scan
line Y;,,, that is, a negative voltage S3-V2 is written in the
capacitor CS;, ;.

[0090] Since the select TFTs in the display cells other than
the display cells described above are in the OFF state in the
period t3, in the initial state in which electric charge is not
held in the capacitors in these display cells, the respective
drive TFTs are in the OFF state, and hence the respective
OLEDs do not emit light.

[0091] During the next period t4 and onward, the same
operation as described above is repeated sequentially with
respect the respective display cells. In other words, the
respective display cells allow the OLEDs to emit light by
accurate voltage write, in the order of supply of voltage V1
to the scan line by the scan line driving circuit 20, as the first
stage of the stepped pulse. The respective display cells
perform data erase in the order of supply of voltage V2,
being rectangular pulse, to the scan line by the scan line
driving circuit 20, as in the display cells PX, ;) and PX

J+1).
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[0092] As explained above, according to the EL display
apparatus and the driving method thereof according to the
second embodiment, in addition to the driving method
explained in the first embodiment, a negative voltage is
written sequentially to the capacitor in the display cell on the
scan line, where voltage write for emitting light is not
performed. Therefore, data display and data erase can be
executed at the same time on the active matrix panel 10.
Particularly, in the data erase operation, a reverse voltage is
applied to between the source and gate of the drive TFT,
thereby enabling suppression of a threshold voltage shift in
the drive TFT.

[0093] The EL display apparatus and the driving method
thereof according to a third embodiment will be explained
below. The EL display apparatus and the driving method
thereof according to the third embodiment has a feature in
that a scan line connected to the select TFTs in the display
cells on the same line (hereinafter, “select scan line™) and a
line connected to the capacitors in the display cells on the
same line (hereinafter, “write scan ling”) are connected to
the scan line driving circuit respectively independently, and
a voltage pulse different to each other is applied to the select
scan line and the write scan line at a predetermined timing.

[0094] FIG. 6 illustrates an active matrix panel and a
driving circuit in the schematic configuration of the EL
display apparatus according to the third embodiment. In
FIG. 6, in the active matrix panel 50, n select scan lines Ya,
to Ya,, n write scan lines Yb; to Yb,_, and m data lines X to
X, are formed in a lattice form on a glass substrate, and a
display cell 51 is respectively arranged at each point of
intersection of these select scan lines and data lines. The
respective display cells 51 include a TFT as described later.
The active matrix panel 50 includes a scan line driving
circuit 60 that supplies a scan line select voltage to the n
select scan lines Ya, to Ya, at a predetermined timing and
supplies a write reference voltage to the n write scan lines
Yb to Yb, at a predetermined timing, and the data line
driving circuit 30 that supplies a data voltage to the m data
lines X, to X, at a predetermined timing. In FIG. 6, other
various types of circuit for driving the organic EL display
apparatus are omitted.

[0095] 1In the EL display apparatus shown in FIG. 6, the
points different from the conventional organic EL display
apparatus shown in FIG. 13 are that the common line
heretofore connected to the capacitors in the respective
display cells is connected to the scan line driving circuit 60,
and that the anode side of the OLED in the respective
display cells is connected to the ground line GND. Further,
a point that the scan line driving circuit 60 supplies the scan
line select voltage and the write reference voltage to the
select scan line and the write scan line, respectively, in the
state having a predetermined magnitude correlation is also
different. That is, the driving method by the scan line driving
circuit 50 is also characteristic.

[0096] FIG. 7 illustrates an equivalent circuit in the dis-
play cell of the EL display apparatus according to the third
embodiment. FIG. 7 expresses three display cells PX, ;_y,
PX 1 PXye 1.1y located on the i-1-th line to the i+1-th line
on the k-th row. Here, the equivalent circuit in the display
cell PX, ; on the i-th line on the k-th row will be explained.
The display cell PXy ; includes an n-channel select TFT 52;
whose gate is connected to the scan line Ya; and drain is
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connected to the data line X,, an n-channel drive TFT 53,
whose gate is connected to the source of the select TFT 52,
and the source is connected to the scan line Yb;, a capacitor
CS, connected between the source and the gate of the drive
TFT 53, and an OLED LD; whose anode side is connected
to the groundline GND and cathode side is connected to the
drain of the drive TFT 53;. The display cells PXy ;_1y, PX,
i+1y and other display cells are expressed by the same
equivalent circuit as in the display cell PX, .

[0097] The operation of the equivalent circuit shown in
FIG. 7 will be explained. FIG. 8 illustrates a timing chart of
a scan line select voltage supplied to the scan lines Ya,_; to
Ya,,,, a write reference voltage supplied to the write scan
lines Yb,_; to Yb,,,, and a data voltage supplied to the data
line X,.. In FIG. 8, voltage of the select scan line Ya,, , and
Voltage of the write scan line Yb,,, supplied to the display
cell PX . ;) are also shown, for the convenience of expla-
nation.

[0098] At first, during the period t0, the scan line driving
circuit 60 supplies a voltage V2 to the select scan line Ya,_;,
supplies a negative supply voltage -V, to the select scan
lines Ya; to Ya,,,, and other select scan lines (not shown),
and supplies grounded potential (O[V]) to the write scan
lines Yb;_; to Yb,,, and other write scan lines (not shown).
As aresult, only the select TFT 52, in the display cell PX(k
i-1y becomes the ON state, and the other select TFTs are 1n
the OFF state.

[0099] During the period t0, a voltage S0 is supplied to the
data line X, by the data line driving circuit 70. Since the
source of the drive TFT 53,_, is connected to the write scan
line Yb,_,, the potential thereof indicates the potential of the
write scan line Yb,_,, that is, O[V]. Therefore, when the
select TFT 52,_; becomes the ON state, the source-gate
voltage of the drive TFT 53,_,, that is, the voltage S0 is input
to the gate of the drive TFT 53,_,. The voltage S0 supplied
by the data line driving circuit 70 and voltages S1 to S5
described later indicate a positive value not smaller than the
threshold voltage of the drive TFT 33, ;. That is, the drive
TFT 53,_,, becomes the ON state, with voltage SO supplied
to the gate, to form a current path between the cathode side
of the OLED LD,_; and the write scan line Yb,_,. However,
since the write scan line Yb;_; indicates O[ V], voltage is not
applied to the OLED LD,_,, and hence the OLED LD, ,
does not emit light.

[0100] In this state, since one terminal of the capacitor
CS  is connected to the write scan line Yb,_;, the potential
thereof indicates the potential of the write scan line Yb,_;,
that is, Q[ V], in the period t0. Eventually, a potential differ-
ence between the data line X, and the write scan line Yb,_|,
that is, voltage S0 is written in the capacitor CS;_;. Particu-
larly, at the time of writing the voltage, since current does
not flow to the OLEDs in the display cells connected to the
write scan line Yb,_;, current does not flow into the write
scan line Yb;_; from the respective OLEDs. This means that
a voltage drop based on the position of the display cell,
which has occurred in the conventional common line, does
not occur.

[0101] On the other hand, since the select TFTs in the
display cells other than the display cell PX,, ; ;) are in the
OFF state in the period t0, in the initial state in which electric
charge is not held in the capacitors in these display cells, the
respective drive TFTs are in the OFF state, and hence the
respective OLEDs do not emit light.

May 27, 2004

[0102] During the next period t1, the scan line driving
circuit 60 supplies a voltage V2 to the select scan line Ya,,
a negative supply voltage —V 4, to the select scan lines Ya;_;
Ya,, ,, and Ya,,, and other select scan lines (not shown), and
supplies grounded potential (O[V]) to the write scan lines
Yb_ to Yb;,, and other write scan lines (not shown). As a
result only the select TFT 52; in the display cell PX,
becomes the ON state, and the other select TFTs are in the
OFF state.

[0103] During the period t1, a voltage S1 is supplied to the
data line X, by the data line driving circuit 70. Since the
source of the drive TFT 53, is connected to the write scan
line Yb,, the potential thereof indicates the potential of the
write scan line Yb;, that is, O[ V]. Therefore, when the select
TFT 52, becomes the ON state, the source-gate voltage of the
drive TFT 53,, that is, the voltage S1 is input to the gate of
the drive TFT 33,. This state is the same as the state in the
display cell PX ;_;) in the period t0, and eventually, the
drive TFT 53,, with voltage S1 supplied to the gate, becomes
the ON state, but voltage is not applied to the OLED LD,,
and hence the OLED LD; does not emit light.

[0104] In this state, a potential difference between the data
line X, and the scan line Yby, that is, the voltage S1 is written
in the capacitor CS,, as in the capacitor CS,_, in the display
cell PX 1) in the perlod 10. Even at the time of writing the
voltage, since current does not flow into the write scan line
Yb, from the OLEDs in the respective display cells, as
explained above, a voltage drop does not occur.

[0105] On the other hand, since the select TFTs in the
display cells other than the display cell PX,, ;; are in the
OFF state in the period t1, in the initial state in Wthh electric
charge is not held in the capacitors in these display cells, the
respective drive TFTs are in the OFF state, and hence the
respective OLEDs do not emit light. Since the voltage SO
has been written in the capacitor CS,_; in the display cell
PX in the perlod t0, the drive TFT 531 , becomes the ON
stafe. ﬁowever since the write scan line Yb,_; indicates
0[ V], a voltage is not applied to the OLED LD,_, and hence
the OLED LD;_, does not emit light.

[0106] During the next period t2, the scan line driving
circuit 60 supplies a voltage V2 to the select scan line Ya,_ ,,
a negative supply voltage —V 4, to the select scan lines Ya,_;,
Ya;, and Ya,,, and other select scan lines (not shown), and
grounded potential (O[V]) to the write scan lines Yb;_; to
Yb,  and other write scan lines (not shown). As a result, only
the select TFT 52,,, in the display cell PX(k 1.1 becomes the
ON state, and the other select TFTs are in the OFF state.

[0107] During the period t2, a voltage S2 is supplied to the
data line X, by the data line driving circuit 70. Since the
source of the drive TFT 33, is connected to the write scan
line Yb,, ;, the potential thereof indicates the potential of the
write scan line Yb,,,, that is, O[V]. Therefore, when the
select TFT 52,,, becomes the ON state, the source-gate
voltage of the drive TFT 53, , ;, that is, the voltage S2 is input
to the gate of the drive TFT 53,, ;. This state is the same as
the state in the display cell PX, ;_;y in the period 0, and
eventually, the drive TFT 53,, ,, with voltage S2 supplied to
the gate, becomes the ON state, but voltage is not applied to
the OLED LD;, ,, and hence the OLED LD, , does not emit
light.

[0108]

line X, and the scan line Yb;

In this state, a potential difference between the data
that is, the voltage S2 is

i+1>



US 2004/0100203 Al

written in the capacitor CS;, 1, as in the capacitor CS;_, in the
display cell PX, ;_,y in the period t0. Even at the time of
writing the voltage, as described above, since current does
not flow into the write scan line Yb, , from the OLEDs in the
respective display cells, a voltage drop does not occur.

[0109] On the other hand, since the select TFTs in the
display cells other than the display cell PX ;,4y are in the
OFF state in the period t2, in the initial state in which
electric-charge is not held in the capacitors in these display
cells, the respective drive TFTs are in the OFF state, and
hence the respective OLEDs do not emit light. However,
since the voltage S0 has been written in the capacitor CS;_;
in the display cell PX, ;_,) in the perlod t0, the drive TFT
53,_, becomes the ON state. Further, since the write scan line
Yb,_, indicates a negative supply voltage -V, the voltage
V4 is applied to the OLED LD, _; and hence the OLED
LD _ starts to emit light.

[0110] Further, the voltage S1 has been written in the
capacitor CS; in the display cell PX, ; in the period t1, the
drive TFT 53, becomes the ON state. However, since the
write scan line Yb, indicates O[ V], voltage is not applied to
the OLED LD,, and the OLED LD; does not emit light.

[0111] During the next period t3, the scan line driving
circuit 60 supplies the voltage V2 to the select scan line
Ya,,,, a negative supply voltage —V 4, to the select scan lines
Ya; to Ya,,, and other select scan lines (not shown), a
negative supply voltage -V, to write scan lines Yb;_; and
Yb,, and grounded potential (O[V]) to the write scan lines
Yb and Yb;,, and other write scan lines (not shown). As a
result only the select TFT 52, in the display cell PX(k 142)
becomes the ON state, and the other select TFTs are in the
OFF state.

[0112] During the period t3, a voltage S3 is supplied to the
data line X, by the data line driving circuit 70. Since the
source of the drive TFT 53, is connected to the write scan
line Yb;,, ,, the potential thereof indicates the potential of the
write scan line Yb,,,, that is, O[V]. Therefore, when the
select TFT 52,,; becomes the ON state, the source-gate
voltage of the drive TFT 53, ,, that is, the voltage S3 is input
to the gate of the drive TFT 53,,,. This state is the same as
the state in the display cell PX, ;_,y in the period t0, and
eventually, the drive TFT 53, ,, with voltage S3 supplied to
the gate, becomes the ON state, but voltage is not applied to

the OLED LD, ,, and hence the OLED LD;, , does not emit
light.
[0113] In this state, a potential difference between the data

line X, and the scan line Yb,,,, that is, the voltage S3 is
written in the capacitor CSHZ, as in the capacitor CS,_; in the
display cell PX,_ ;_;, in the period t0. Even at the time of
writing the voltage, as described above, since current does
not flow into the write scan line Yb, from the OLEDs in the

respective display cells, a voltage drop does not occur.

[0114] On the other hand, since the select TFTs in the
display cells other than the display cell PXy ;. are in the
OFF state in the period t3, in the initial state in which electric
charge is not held in the capacitors in these display cells, the
respective drive TFTs are in the OFF state, and hence the
respective OLEDs do not emit light. However, the drive TFT
53,_, becomes the ON state due to the capacitor CS, in which
the voltage SO has been written. Further, since the write scan
line Yb, ; indicates a negative supply voltage -V, the
OLED LD,_, sustains light emission continuously from the
period t2.
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[0115] Further, since the voltage S1 has been written in the
capacitor CS; in the display cell PX; ; in the period t1, the
drive TFT 53; becomes the ON state. Since the write scan
line Yb, indicates a negative supply voltage —V,,, the
OLED LD; starts to emit light. Since the voltage S2 has been
written in the capacitor CS,,; in the display cell PXy ;) in
the period t2, the drive TFT 53,,; becomes the ON state.
However, since the write scan line Yb,,; indicates 0[ V], the
OLED LD,,, is not applied with the voltage and does not
emit light.

[0116] During the next period t4 and onward, these opera-
tions are repeated. In other words, the voltage V2 is supplied
to the select scan line in the order of selection by the scan
line driving circuit 70, and the negative supply voltage -V
is supplied to the write scan line forming a pair therewith.

[0117] In these repetitive operations, the respective dis-
play cells operate in a flow having a first phase for writing
a data voltage in the capacitor, without allowing the OLED
to emit light, with the voltage V2 supplied to the select scan
line and -V 4, supplied to the write scan line, a second phase
for holding the voltage stored in the capacitor without
allowing the OLED to emit light, with the voltage 0[V]
supplied to the select scan line and -V, supplied to the
write scan line, and a third phase for sustaining the light
emission of the OLED until the new first phase, based on the
voltage stored in the capacitor, with -V supplied to the
select scan line and the write scan line. That is, the operation
is performed sequentially with respect to the display cell
selected by the scan line driving circuit 70. The respective
voltages have the following relation:

V2>V150>-Vyg.

[0118] As explained above, according to the EL display
apparatus and the driving method thereof according to the
third embodiment, since the voltage provided to the gate of
the select TFT and one terminal of the capacitor is sequen-
tially provided with a predetermined relationship, so that the
data voltage can be written in the capacitor without allowing
the current to flow to the OLED, the potential at one terminal
of the capacitor does not change corresponding to the
position of the display cell on the line, and hence a desired
voltage can be accurately held in the capacitor. In other
words, even if the number of the display cells located in the
line direction increases due to a large screen size of the
active matrix panel 50, such nonuniform luminance, which
has heretofore occurred, that it is dark in the central portion
and brighter towards the edge does not occur.

[0119] The EL display apparatus and the driving method
thereof according to a fourth embodiment will be explained
below. The EL display apparatus and the driving method
thereof according to the fourth embodiment has a feature in
that a pulse having a different pattern is input to display cells
other than the display cell in which a pulse having the
pattern as shown in FIG. 8 is written, to thereby perform
data write and data erase at the same time on the same panel.

[0120] The schematic configuration of the EL display
apparatus according to the fourth embodiment is as shown in
FIG. 6, and hence the explanation thereof is omitted.
Therefore, the driving method by the scan line driving
circuit 60 will be explained below.

[0121] FIG. 9 illustrates an equivalent circuit in the dis-
play cell of the EL display apparatus according to the fourth
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embodiment. Particularly, FIG. 9 indicates two display cells
PXq 5 and PXy 5,4y located on the i-th line and the i+1-th
line, and two display cells PX ;. ;, and PX 4 ;.1 located on the
j-th line and the j+1-th line away from these two display
cells by predetermined lines, on the k-th row. Since the
circuit configuration and the signs in the respective display
cells are the same as in the third embodiment, and hence the
explanation thereof is omitted.

[0122] FIG. 10 illustrates a timing chart of a scan line
select voltage supplied to the scan lines Ya,, Ya,, , Yaj, and
Ya,,,, a write reference voltage supplied to the write scan

lines Yb;, Yb,, ,, Yb;, and Yb;, ;, and a data voltage supphed
to the data line X, 1 1n the equ1valent circuit shown in FIG.
9. Voltages V1, V2, and -V, in the figure have the relation
shown in the third embodiment, and the relation between a
voltage V3 described later and the voltage V1 is: V3>V1.
The operation in the respective periods t0 to t4 for the
display cells PX ;) and PXy_ .4y Is the same as that in the
respective periods explained in the third embodiment, and
hence the explanation thereof is omitted. Only the operation
in the display cells PX ;y and PXg ;. 1), in other words, the
operation in the display cell to be erased, will be explained.

[0123] At first, during the period t0, the scan line driving
circuit 60 supplies a negative voltage -V 4, to the select scan
lines Ya; and Ya;, ;, and select scan lines in other display cells
to be erased (not shown), a voltage V3 to write scan lines
Yb;, and a negative voltage =V, o the write scan lines
Yb and write scan lines in other display cells to be erased
(not shown). It is assumed here that the display cells PX(k o
and PX_ .1y, and other display cells to be erased are in the
light emitting state. Therefore, with the supply of the voltage
by the scan line driving circuit 60, the respective select TFTs
in the display cells PX ;. ;) and PXy ;,,), and other display
cells to be erased (not shown) become the OFF state.

[0124] During the period t0, the data voltage SO is sup-
plied to the data line X, by the data line driving circuit 70.
Since the respective select TFTs in the display cells to be
erased are in the OFF state, the capacitors in these display
cells are not affected by the voltage S0. On the other hand,
since a data voltage has been written in the capacitors in
these display cells in other periods, the display cells are to
be allowed to emit light or to be erased, according to the
state of potential of the write scan line connected to one
terminal of the capacitor. In this period t0, since the write
scan line Yb; indicates a voltage V3 larger than the data
voltage, the positive voltage written in the capacitor CS; is
discharged to set the drive TFT §3; in the display cell PX,
j) to the OFF state, and hence the OLED LD; is turned off.
Further, since write scan line Yb;,, indicates a negative
supply voltage -V, the voltage stored in the capacitor

is provided to the gate of the drive TFT 53,,, in the
display cell PXyy .1y and hence the OLED LD sustains
light emission.

[0125] During the next period t1, the scan line driving
circuit 60 supplies the voltage V2 to the select scan line Ya,,

a negative supply voltage -V, to the select scan line Ya;, ;,
and other select scan lines (not shown) in the display cells
to be erased, voltage V3 to the write scan lines Yb; and
Yb,,;, and the negative supply voltage -V, to the other
write scan lines (not shown) in the display cells to be erased.
As a result, the select TFT 52, in the dlsplay cell PXj
becomes the ON state, and select TFT 52;,, in the display
cell PX .4y becomes the OFF state.
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[0126] During the period t1, the voltage S1 is supplied to
the data line X, by the data line driving circuit 70. Since the
source of the drive TFT 53; is connected to the write scan
line Yb,, the potential thereof indicates the potential of the
write scan line Yb;, that is, voltage V3. Therefore, when the
select TFT 52; becomes the ON state, a negative voltage
S1-V3 is input to the capacitor CS; and the gate of the drive
TFT 53,. As a result, the drive TFT 53, becomes the OFF
state, and hence the OLED LD; sustains the light-out state.
Further, the negative voltage S1-V3 is written in the capaci-
tor CS;.

[0127] On the other hand, since the select TFT 52, ; is in
the OFF state, but the write scan line Yb;,, indicates the
voltage V3 larger than the data voltage, the positive voltage
written in the capacitor CS,,, is discharged, and the drive
TFT 53;,, in the display cell PX;, ;) becomes the OFF
state. That is, the OLED LD, is turned off.

[0128] During the next period t2, the scan line driving
circuit 60 supplies the negative supply voltage -V, to the
select scan line Ya; and other select scan lines (not shown)
in the display cells to be erased, voltage V2 to the select scan
line Ya;, ,, voltage V3 to the write scan line Yb; and Yb;,;,
and the negative supply voltage -V, to the other write scan
lines (not shown) in the display cells to be erased. As a
result, the select TET 52; in the display cell PX,, ;) becomes
the OFF state, and the sclect TFT 52,,; in the display cell
PX(k’ 0 becomes the ON state.

[0129] During the period t2, the data line driving circuit 70
supplies voltage S2 to the data line X,.. Since the source of
the drive TFT 83, is connected to the write scan line Yb;, ;,
the potential thereof indicates the potential of the write scan
line Yb;, ,, that is, voltage V3. Therefore, when the select
TFT 52;,, becomes the ON state, a negative voliage S2-V3
is input to the capacitor CS;, ; and the gate of the drive TFT
53;,,- As a result, the drive TFT 53]+1 becomes the OFF
state, and hence the OLED LD; , sustains the light-out state.
Further, the negative voltage $2-V3 is written in the capaci-

tor CS;,4

[0130] On the other hand, the select TET 52; is in the OFF
state, but since the negative voltage S1-V3 has been written
in the capacitor CS; in the period t1, the drive TFT 53, is still
in the OFF state, and the OLED LD, sustains the light-out
state,

[0131] During the next period t3, the scan line driving
circuit 60 supplies the negative supply voltage =V, to the
select scan lines Ya;, Ya;, ;, and other select scan lines (not
shown) in the display cells to be erased, O[V] to the write
scan lines Yb;, voltage V3 to the write scan line Yb;, ;, and
the negative supply voltage =V 4, to the other write scan lines
(not shown) in the display cells to be erased. As a result, the
sclect TFT 52, in the display cell PX,,, ; and select TFT 52,
in the display cell PX;, ) both become the OFF state.

[0132] During the period t3, the data line driving circuit 70
supplies data voltage S3 to the data line X,.. However, since
the respective select TFTs in the display cells to be erased
are in the OFF stage, the capacitors in these display cells are
not affected by the voltage S3. On the other hand, since the
negative voltage S1-V3 has been written in the capacitor CS;
in the display cell PX,  in the period t1, the drive TFT 53,
is still in the OFF state, and the OLED LD, sustains the
light-out state. Likewise, since the negative voltage S2-V3
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has been written in the capacitor CS;,; in the display cell
PX _ )m the period 12, the drive TFT 33, , is still in the OFF
state "and the OLED LD; ;.1 Sustains the light-out state.

[0133] During the next period t4 and onward, similar
operations to those described above are repeated sequen-
tially with respect to the respective display cells. In other
words, as explained in the third embodiment, the display
cells located on a select scan line at a certain position can be
made to emit light sequentially, without causing a voltage
drop on the select scan line, and data erase is performed
sequentially from the display cell located on another select
scan line on the same active matrix panel.

[0134] As explained above, according to the EL display
apparatus and the driving method according to the fourth
embodiment, in addition to the driving method explained in
the third embodiment, a negative voltage is sequentially
written in the capacitors in the display cells on the scan line,
in which voltage write for emitting light is not performed. As
a result, data display and data erase can be executed at the
same time on the active matrix panel 50. Particularly, in the
data erase operation, a reverse voltage is applied to between
the source and gate of the drive TFT, thereby enabling
suppression of a threshold voltage shift in the drive TFT.

[0135] The EL display apparatus and the driving method
thereof according to a fifth embodiment will be explained
below. The EL display apparatus and the driving method
thereof according to the fifth embodiment has a feature in
that in a conventional configuration having a common line
as shown in FIG. 14A, a voltage drop on the common line
in the respective display cells is predicted, and the size of the
data voltage is adjusted according to the prediction result.

[0136] FIG. 11 illustrates a driving method of the EL
display apparatus according to the fifth embodiment. Par-
ticularly, FIG. 11A indicates a display cell row in the i-th
line on the active matrix panel, and FIG. 11B indicates a
data voltage supplied to the respective display cells.

[0137] If it is assumed that the current ﬂowing from the
respectlve display cells to the common line 31 is i, i,, . . .
»1ps -+ 5 1y, @ voltage (V) obtained by adding a voltage
drop between the display cells on the common line 31 up to
the p-th pixel from the left of the common line 31 becomes
a potential on the common line 31 in the k-th display cell
PX(p, » and is expressed by the following equation (1).

=) =1

P o(m -1 €9)
- rZ [Z iy - iR,k]
J=1

[0138] where r refers to a resistance in the wiring resis-
tance between the display cells.
[0139] Further,
Lo_nkl-k L @
=TT e RET Tl
[0140] where i, , refers to the current flowing from the

display cell PX, ; to the left side of the common line 31,
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and iy 4 refers to the current flowing from the display cell
PX(P , o the right side of the common line 31.

[0141] Therefore, a deviation 8V, , of the voliage
between the drain-source of the drive TFT when a voltage
drop does not occur in the common line 31, that is, the
common line 31 is the grounded potential, and when the
potential of the common line 31 has eventually risen due to
the voltage drop can be expressed as:

6Vds,p=V,ds,p_ Vds,p=(Vd,p_ Vs,p)_ (Vd,p_0)=_ Vs.,p (3)

[0142] where V,, |, refers to the drain potential of the drive
TFT, and V, _ refers to the source potential of the drive TFT.

[0143] In other words, a voltage less than the original
voltage by the deviation 8V, . is applied to the OLEDs in
the respective display cells, and as a result, the current
flowing to the OLEDs decreases to decrease the luminance.
Therefore, if a voltage V'y,, in which the decrease of the
voltage is compensated, (hereinafter, “compensated volt-
age”) is applied to the gate of the drive TFT instead of the
original voltage V., a decrease in luminance of the OLEDs
due to the voltage drop can be compensated. Here, if a
decrease in the applied voltage to the OLED is designated as
0V, a conductance of the drive TFT is designated as g,,
and an output resistance is designated as rp,, a change in the
current (31,,) flowing to the drive TFT can be expressed by
the following equation (4):

01y C’”dj 1 @
Olys = (SV Vs = gm0V + — Vg,
AV Vs D

[0144]

Therefore, from 81,.=0, it can be expressed as:

®)

1
Vs = - 6Vys
D&

m

[0145] Here, if the original voltage provided to the gate of
the drive TFT in the display cell PX, ; is designated as V.
v, and the compensated voltage is designated as V', the
compensated voltage can be expressed as:

dvdx,p (6)

D 8&m

Viep = Veop + 0V,

gs.p =

=V,

gsp =

[0146] Therefore, if the data voltage is increased so that
the data line driving circuit can provide the compensated
voltage V', , to the gate of the drive TFT in the display cell
PX, i light emission of a desired luminance can be
obtained. The compensated voltage can be respectively
obtained for the respective display cells other than the
display cell PX, ;, by making p correspond to the row
position of the display cell, in the equation (6). In other
words, by adjusting the data voltage based on the compen-
sated voltage provided by the equation (6), as shown in FIG.
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11B, the data line driving circuit can make the OLEDs in the
display cells over the whole line emit light at a desired
luminance.

[0147] As explained above, according to the EL display
apparatus and the driving method thereof according to the
fifth embodiment, in the configuration of the conventional
active matrix panel having the common line, the compen-
sated voltage for compensating a drop in the applied voltage
to the respective OLEDs resulting from a voltage drop on the
common line is anticipated, and the data line driving circuit
adjusts the size of the data voltage based on the anticipated
value. As a result, even if the number of display cells located
in the line direction increases due to a large screen size of the
active matrix panel, such nonuniform luminance, which has
heretofore occurred, that it is dark in the central portion and
brighter towards the edge does not occur.

[0148] In the first to the fifth embodiments, a so-called
anode common type display cell, in which the supply line of
the supply voltage V4, is connected to the anode side of the
OLED, is shown, but as shown in FIG. 12, the same effects
can be obtained by adopting a so-called cathode common
type display cell, in which the scan line or the common line
is connected to the cathode side of the OLED.

[0149] Further, in the first to the fifth embodiments, an
OLED has been mentioned as the self-luminescent element,
but instead of the OLED, the same effects can be obtained
even when other electroluminescent devices such as an
inorganic LED or a light emitting diode is used.

[0150] According to the EL display apparatus and the
driving method thereof according to the present invention,
since one terminal of the capacitor and the source of the
drive transistor are connected to the scan line for selecting
a low-order line in the display cell including these, the
common line, which has been heretofore necessary, can be
eliminated. Further, since the data voltage 1s written in the
capacitor, with the potential at one terminal of the capacitor
in the display cell fixed to voltage V1, which is input to the
scan line, and with no current allowed to flow to the
electroluminescent device. Therefore, the potential at one
terminal of the capacitor does not change according to the
position of the display cell on the line, and a desired voltage
can be accurately held in the capacitor.

[0151] According to the EL display apparatus and the
driving method thereof according to the present invention, in
addition to the effect of the above invention, there is the
effect that a negative voltage is written sequentially to the
capacitor in the display cell on the scan line, where voltage
write for emitting light is not performed, and hence data
display and data erase can be executed at the same time on
the active matrix panel.

[0152] According to the EL display apparatus and the
driving method thereof according to the present invention,
since the data voltage is written in the capacitor in the
respective display cells, with the capacitor fixed to a prede-
termined potential by the write scan line independent from
the select scan line for driving the select transistor, without
allowing the current to flow to the electroluminescent
device, the potential at one terminal of the capacitor does not
change corresponding to the position of the display cell on
the line, and hence a desired voltage can be accurately held
in the capacitor.
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[0153] According to the EL display apparatus and the
driving method thereof according to the present invention, in
addition to the effect of the above invention, there is the
effect that a negative voltage is sequentially written in the
capacitors in the display cells on the write scan line, in which
voltage write for emitting light is not performed, and hence
data display and data erase can be executed at the same time
on the active matrix panel.

[0154] According to the EL display apparatus and the
driving method thereof according to the present invention, in
the configuration of the conventional active matrix panel
having the common line, the compensated voltage for com-
pensating a drop in the applied voltage to the respective
electroluminescent devices resulting from a voltage drop on
the common line is anticipated, and the data line driving
circuit adjusts the size of the data voltage based on the
anticipated value. As a result, there is the effect that even if
the number of display cells located in the line direction
increases due to a large screen size of the active matrix
panel, such nonuniform luminance, which has heretofore
occurred, that it is dark in the central portion and brighter
towards the edge does not occur.

[0155] Although the invention has been described with
respect to a specific embodiment for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the

art which fairly fall within the basic teaching herein set
forth.

What is claimed is:
1. An electroluminescent display apparatus, comprising:

a plurality of display cells arranged in a matrix form in
which a plurality of scan lines and a plurality of data
lines intersect, each of the display cells including

a select transistor whose gate receives a select voltage
from one of the scan lines;

a drive transistor whose gate receives a data voltage
from one of the data lines through the select tran-
sistor;

a capacitor whose one terminal is connected to the gate
of the drive transistor; and

an electroluminescent element whose one terminal is
connected to a source of the drive transistor; and

a scan line driving circuit that supplies a stepped pulse as
the sclect voltage to each of the scan lines, the stepped
pulse being formed of a first voltage and a second
voltage larger than the first voltage, wherein

a drain of the drive transistor and other terminal of the
capacitor are connected to a scan line next to the one of
the scan lines.

2. The electroluminescent display apparatus according to
claim 1, wherein the stepped pulse is formed so that the first
voltage is allocated on a former of two cycles and the second
voltage is allocated on a later of the two cycles, and the scan
line driving circuit supplies the stepped pulse sequentially to
the scan lines by shifting the stepped pulse by the cycle.

3. The electroluminescent display apparatus according to
claim 2, wherein the scan line driving circuit further supplies
a rectangular pulse to a scan line different from a scan line
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to which the stepped pulse is being supplied, and the
rectangular pulse is formed of a third voltage having a pulse
width of the stepped pulse.

4. The electroluminescent display apparatus according to
claim 3, wherein the third voltage is equal to the second
voltage.

5. The electroluminescent display apparatus according to
claim 1, wherein the scan line driving circuit further supplies
a rectangular pulse to a scan line different from a scan line
to which the stepped pulse is being supplied, sequentially by
shifting the stepped pulse by the cycle, and the rectangular
pulse is formed of a third voltage having a pulse width of the
stepped pulse.

6. The electroluminescent display apparatus according to
claim 5, wherein the third voltage is equal to the second
voltage.

7. The electroluminescent display apparatus according to
claim 1, further comprising a data line driving circuit that
supplies a data voltage to each of the data lines, the data
voltage being not smaller than the first voltage and smaller
than the second voltage.

8. The electroluminescent display apparatus according to
claim 1, wherein the electroluminescent element is an
organic light emitting diode.

9. An electroluminescent display apparatus, comprising:

a plurality of display cells arranged in a matrix form in
which a plurality of select scan lines and a plurality of
data lines intersect, each of the display cells including

a select transistor whose gate receives a select voltage
from one of the select scan lines;

a drive transistor whose gate receives a data voltage
from one of the data lines through the select tran-
sistor;

a capacitor whose one terminal is connected to the gate
of the drive transistor; and

an electroluminescent element whose one terminal is
connected to a source of the drive transistor;

a plurality of write scan lines, each of the write scan lines
being arranged in a pair with each of the select scan
lines and being connected to a drain of the drive
transistor and other terminal of the capacitor; and

a scan line driving circuit that supplies a scan line select
voltage to each of the select scan lines, and that
supplies a write reference voltage to each of the write
scan lines that is in a pair with the each of the select
scan lines, wherein

the scan line driving circuit supplies the scan line select
voltage and the write reference voltage at a voltage
value and a timing such that a first phase, a second
phase, and a third phase are sequentially repeated, the
first phase indicates that the data voltage is written in
the capacitor without allowing the electroluminescent
element to emit light, the second phase indicates that a
voltage stored in the capacitor is held without allowing
the electroluminescent element to emit light, and the
third phase indicates that light emission by the elec-
troluminescent element is sustained until the next first
phase depending on the voltage stored.
10. The electroluminescent display apparatus according to
claim 9, wherein the scan line driving circuit supplies the
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scan line select voltage and the write reference voltage with
respect to each of the select scan lines and each of the write
scan lines, at a voltage value and a timing such that a
negative voltage is supplied to the capacitor, concurrently
with the first to the third phases, and

the each of the select scan lines and the each of the write
scan lines are different from the select scan line and the
write scan line that are under the first to the third
phases.

11. The electroluminescent display apparatus according to
claim 9, wherein the electroluminescent element is an
organic light emitting diode.

12. An electroluminescent display apparatus, comprising:

a plurality of display cells arranged in a matrix form in
which a plurality of scan lines and a plurality of data
lines intersect, each of the display cells including

a select transistor whose gate receives a select voltage
from one of the scan lines;

a drive transistor whose gate receives a data voltage
from one of the data lines through the select tran-
sistor;

a capacitor whose one terminal is connected to the gate
of the drive transistor; and

an electroluminescent element whose one terminal is
connected to a source of the drive transistor;

a plurality of common lines, each of the common lines
being connected to a drain of the drive transistor and
other terminal of the capacitor; and

a data line driving circuit that calculates a voltage drop in
the electroluminescent element at a position in a direc-
tion of each of the scan lines, based on the position in
the direction with respect to the each of common lines
and a wiring resistance between the display cells
arranged on the each of common lines, and that sup-
plies a data voltage corrected based on the voltage drop
to each of data lines.

13. The electroluminescent display apparatus according to
claim 12, wherein the electroluminescent element is an
organic light emitting diode.

14. A driving method of an electroluminescent display
apparatus that includes

a plurality of display cells arranged in a matrix form in
which a plurality of scan lines and a plurality of data
lines intersect, each of the display cells including

a select transistor whose gate receives a select voltage
from one of the scan lines;

a drive transistor whose gate receives a data voltage
from one of the data lines through the select tran-
sistor;

a capacitor whose one terminal is connected to the gate
of the drive transistor; and

an electroluminescent element whose one terminal is
connected to a source of the drive transistor, wherein
a drain of the drive transistor and other terminal of
the capacitor are connected to a scan line next to the
one of the scan lines, the driving method comprising:
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first supplying a first voltage to each of the scan lines
during a predetermined cycle;

second supplying a second voltage larger than the first
voltage to the each of the scan lines during the cycle,
successively from the first supplying; and

third supplying a voltage not larger than a threshold
voltage of the select transistor to each of the scan lines,
at least during the cycle, successively from the second
supplying.

15. The driving method according to claim 14, wherein

the first supplying includes supplying a third voltage to
each of the scan lines during the cycle, the each of the
scan lines is different from the scan line to which the
first voltage is being supplied,

the second supplying includes supplying the third voltage
to the each of the scan lines during the cycle, and

the third supplying includes supplying a voltage not larger
than a threshold voltage of the select transistor to the
each of the scan lines, at least during the cycle.
16. A driving method of an electroluminescent display
apparatus that includes

a plurality of display cells arranged in a matrix form in
which a plurality of select scan lines and a plurality of
data lines intersect, each of the display cells including

a select transistor whose gate receives a select voltage
from one of the select scan lines;

a drive transistor whose gate receives a data voltage
from one of the data lines through the select tran-
sistor;

a capacitor whose one terminal is connected to the gate
of the drive transistor; and

an electroluminescent element whose one terminal is
connected to a source of the drive transistor; and

a plurality of write scan lines, each of the write scan lines
being arranged in a pair with each of the select scan
lines and being connected to a drain of the drive
transistor and other terminal of the capacitor, the driv-
ing method comprising:

first supplying the select voltage and a write reference
voltage to each of the select scans line and each of the
write scan lines, respectively, at a voltage value and a
timing such that the data voltage is written in the
capacitor, without allowing the electroluminescent ele-
ment to emit light;

second supplying the select voltage and the write refer-
ence voltage to the each of the select scan lines and the
each of the write scan lines, respectively, at a voltage

May 27, 2004

value and a timing such that a voltage stored in the
capacitor is held, without allowing the electrolumines-
cent device to emit light; and

third supplying the select voltage and the write reference
voltage to the each of the select scan lines and the each
of the write scan lines, respectively, at a voltage value
and a timing such that light emission of the electrolu-
minescent device is sustained until the next first sup-
plying, based on the voltage stored.

17. The driving method according to claim 16, further
comprising fourth supplying the select voltage and the write
reference voltage to the each of the select scan lines and the
each of the write scan lines, respectively, different from the
select scan line and the write scan line to which the first
supplying, the second supplying, and the third supplying are
being applied, at a voltage value and a timing such that a
negative voltage is supplied to the capacitor, concurrently
with the first supplying, the second supplying, and the third
supplying.

18. A driving method of an electroluminescent display
apparatus that includes

a plurality of display cells arranged in a matrix form in
which a plurality of scan lines and a plurality of data
lines intersect, each of the display cells including

a select transistor whose gate receives a select voltage
from one of the scan lines;

a drive transistor whose gate receives a data voltage
from one of the data lines through the select tran-
sistor;

a capacitor whose one terminal is connected to the gate
of the drive transistor; and

an electroluminescent element whose one terminal is
connected to a source of the drive transistor; and

a plurality of common lines, each of the common lines
being connected to a drain of the drive transistor and
the other terminal of the capacitor, the driving method
comprising:

calculating a voltage drop in the electroluminescent ele-
ment at a position in a direction of each of the scan
lines, based on the position in the direction with respect
to the each of common lines and a wiring resistance
between the display cells arranged on the each of
common lines;

correcting the data voltage based on the voltage drop; and

supplying the data voltage corrected to each of the data
lines.
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